To verify that the PINX1 cDNA encodes a full-length protein, we first performed Northern analysis and a single 1.9 kb PINX1 mRNA transcript was detected in all 16 human adult tissues examined (Supplemental Figure  S1A at http://www.cell.com/cgi/content/full/107/3/347/ DC1). We next raised anti-PinX1 antibodies, which recognized a single 45 kDa protein in HeLa cell extracts both in immunoprecipitation and immunoblot analyses (Supplemental Figure S1B ; Figures 4A and 4B ). This 45 kDa protein was shown to be PinX1 by expression of HAtagged PinX1 ‫05ف(‬ kDa), followed by immunoblotting analysis with anti-PinX1 or anti-HA antibodies (Supplemental Figures S1C and S1D; Figure 4A ). These results indicate that PINX1 encodes a 45 kDa protein in cells.
PinX1 Interacts with Pin2 In Vivo and In Vitro
To confirm the PinX1 and Pin2 interaction, we first performed coimmunoprecipitation and colocalization experiments. When cells were cotransfected with PinX1 and Pin2 expression constructs and subjected to immunoprecipitation, Pin2 was detected in anti-PinX1 immunoprecipitates, but not in the preimmune control ( Figure  2A Overexpression of PinX1 or PinX1-C in HT1080 Cells Induces Crisis The known genes included Pin2 (2 clones), nm23-H1 (11), and Tin2 (5 Out of three PINX1 cDNA clones, the longest one mere maintenance, we tried to establish HT1080 cell lines stably expressing PinX1, PinX1-N, or -C. To deplete encodes a novel 328 aa protein ( Figure 1A ), which con- endogenous protein, we expressed the PINX1 cDNA plains no obvious effect on the overall growth rate (Figures 3C and 3D ). These results indicate that PinX1 overin an antisense orientation (PinX1 AS ). Although several clones expressing PinX1-N were obtained initially, they expression induces a fraction of cells into crisis. The most striking phenotype was observed in PinX1-all lost expression during expansion. However, multiple cell lines were established that stably expressed PinX1, C-expressing cells. All three PinX1-C-expressing cell lines tested underwent crisis characterized by an overall PinX1-C, PinX1 AS , or the vector (Figures 3A and 3B) . Importantly, levels of endogenous PinX1 protein were reduction in growth rate ( Figures 3C and 3D ). Incorporation of BrdU was significantly reduced and cells with decreased ‫3ف‬ fold in PinX1 AS -expressing clones ( Figure  3B ). Therefore, we can manipulate PinX1 levels in these the G2/M DNA content increased ( Figures 4A and 4B) . In some instances, reduced growth appeared to be due stable HT1080 clones.
Cells expressing PinX1 AS and the control vector grew to an increased rate of cell death. Cells in this death phase were rounded and loosely attached to culture normally with no detectable difference in growth rate or morphology over 60 population doublings (PD) (Figures flasks, ‫%04ف‬ of which contained a sub-G1 DNA content ( Figure 4C ), a characteristic of apoptosis. However, in 3C, 3D, and 4). Initially, all PinX1 or PinX1-C stable cell lines grew at the same rates as those of control vector most cases, the cells exhibited increased size and a flattened morphology with elongated cellular processes cells ( Figures 3C and 3D) . However, after 20-30 PD, the growth of PinX1-expressing cells slowed down, as and they were stained positive for the SA-␤-Gal ( Figure  4D ). These results suggest that overexpression of indicated by cell number, BrdU incorporation and cell cycle analysis ( Figures 3C, inset (Perrem et al., 1999) . However, peared that both N-and C-terminal domains of PinX1 even after 32 PD, telomeres in PinX1-or PinX1-Cprecipitated hTERT (Figures 7C and 7D) . These results expressing GM847 cells exhibited patterns similar to indicate that PinX1 and its TID domain associate with those in vector control cells, the characteristic of ALT hTERT both in cells and in vitro. cells ( Figure 6D ). In addition, these cells did not enter crisis ( Figures 3E and 3F) . These results indicate that To examine the effects on telomerase activity, teneither PinX1 nor PinX1-C induces telomere shortening lomerase-containing cell extracts were incubated with or crisis in these telomerase-negative cells and further various GST-PinX1 proteins for 10 min before the TRAP support that the ability of PinX1 and PinX1-C to shorten assay. Both GST-PinX1 and GST-PinX1-C potently intelomeres and induce crisis is via inhibiting telomerase.
hibited telomerase activity in a concentration-dependent manner (Figures 7E-7H ), whereas neither GST nor GST-PinX1-N had any significant effect (Figures 7E and PinX1 and PinX1-C Bind hTERT and Directly Inhibit 7H). Furthermore, His-PinX1 also potently inhibited teIts Activity lomerase ( Figure 7H ). Although at higher concentrations, The above results that PinX1-C almost completely inhibits and PinX1 reduces telomerase activity, whereas PinX1 and PinX1-C could also inhibit Taq polymerase 
. Depletion of Endogenous PinX1 Increases Tumorigenicity in Nude Mice

HT1080 cell lines stably expressing indicated PinX1 constructs or the vector were harvested at 8 PD and injected subcutaneously into NCr outbred (A-C) or BALB/c inbred (C) athymic nude mice. Mice were monitored for the visual appearance of tumors at injection sites (A and B) and tumors were harvested and weighed 2 months after injection (C).
( Figures 7E and 7F) , they had no effect at all when exwith the findings that PinX1 and PinX1-C induced crisis (Figures 3 and 4) . However, the most striking phenotype pressed in cells (Figure 5 ), demonstrating the specificity of telomerase inhibition by PinX1 and PinX1-C. These was observed with cells expressing PinX1 (Table S1 at carcinomas, about 40%-50% of tumors exhibit LOH almost completely inhibits telomerase activity and is near the maker D8S277 and molecular analysis suggests much more potent than PinX1 in shortening telomeres. the presence of tumor suppressor genes on chromoSixth, although PinX1 and PinX1-C initially have no effect some 8p23. Indeed, the N-terminal 113 residues of PinX1 on cell growth rate, they eventually induce crisis, with are almost identical to a small 174 amino acid protein their ability to affect cell growth being correlated with deduced by a putative liver tumor suppressor gene their ability to inhibit telomerase activity and to shorten cloned by PCR (Liao et al., 2000) , which was reported telomeres. After crisis, some cells eventually recover while we were preparing our manuscript. This putative and continue to divide with reactivation of telomerase cDNA contains a premature stop at 113 residue of PinX1 and elongation of telomeres (data not shown). Seventh, due to an internal deletion. Although it is unknown neither PinX1 nor its TID induces telomere shortening whether this small protein is expressed in vivo, RT-PCR or crisis in telomerase-negative cells. Eighth, depletion analysis using primers common for the PINX1 gene and of endogenous PinX1 increases telomerase activity and the putative liver gene has shown that the transcript is telomere length in vivo, et al., 1995) .
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